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\hslnicl The excess effective Debye temperature has been evaluated foi six binary mixtures, namely, n-hcpiane ■+ toluene, n-heptanc +
n hLx.me toluene + n-hcxanc. cyclohexane + n-heptane, cyclohexane + n-hexanc, n-decane + n-hexane ovei entire range ot mole fractions at 298 15 
K uMiie the experimental data of ultrasonic velocity and density. The results thus obtained have been interpreieil in the light of mtermolecular 
iiiiL'i,u tions and modilications of the intenial structure of the mixtures.
Kn words Debye temperature, binary liquid mixtures, ultrasonic velocity.
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1. In tro duc tio n
As compared to so lids , the s tudy o f  a tom ic  m otions in  liq u id  
sUlc IS more com p lex . The study o f  w a te r by Hughes et  a l  \ \ ]  
shows that the a tom ic m o tio n  o f  wate r resembles the so lid  rather 
ih>m the gaseous phase. R ig id ity  and f lu id it y  both ex is t in liq u id  
' tver a short tim e, o ther p roperties are also d iffe ren t. The structure  
ot liquids can be denoted by the term  qua s ic rys la llin e  m the 
same way that they d isp la y  a ce rta in  degree o f  loca l o rde r o f  the 
same type as tha t o f  the co rrespond ing  c rys ta l. The study o f  
dynamics o f  a tom ic  m o tions in  liq u id s  p lays a ve ry  im po rtan t 
role in understand ing the s o l id - l ik e  behav iou r o f  liq u id s  A  
number o f  theo re tica l and expe rim en ta l evidences [2-5J, now  are 
ivailahle w h ich  support the q ua s ic ry s ta llin e  m ode l fo r liqu id s . 
Assuming a tom ic m o tio n  in  liq u id s  to  be s im ila r to a so lid , 
^Hempts were made [4 ] to  ca lcu la te  the D ebye  temperature. 
Assuming the q ua s ic rys ta llin e  m ode l fo r  the liq u id s , the study  
K>l o f Debye tem pe ra tu re  has been ex tended to o the r liqu id s  
iind in teresting resu lts w ere  ob ta ined . A lth o u g h  some study  
hjs been done on 6 p  m  liq u id s , ye t i t  is d i f f ic u l t  to have a clear 
understanding o f  the phys ica l s ig n if ic a n ce  o f  O p  in liqu id s . I t  
'■ rtn on ly  be sug g e ^e d  th a t d p  has m o re  o r less the same
 ^r>m\sponding Author
m eaning as in so lids . It shou ld be m entioned here that s tudy on  
the va r ia t io n s  o f  e ffe c t iv e  D ebye  tem pe ra tu re  o f  aqueous  
so lu tions o f  non -e le c lro ly lc s  w ith  the m o le  frac tions are found  
to be h ig h ly  useful in de linea ting  the solute-.solveni in teractions. 
K o r  and cow o rke rs  |7 , 8 ] c a lcu la te d  the e ffe c t iv e  D ebye  
temperatures o f  water, m ethano l, ethano l, carbon te tra ch lo ride  
and toluene as a func tio n  o f  temperature and pressure. Recently, 
[9, 10] e ffe c tive  Debye temperature o f  few  b ina ry m ix tu res o f  
non-e lectro ly tes has been ct^mputed. L ite ra tu re  survey ind ica tes  
that th is type o f  study on b ina ry  m ix tu re  is very scanty. The aim  
o f  th is paper is to evaluate the e ffe c tive  Debye temperature d p
and excess e ffe c tiv e  D ebye tem perature o f s ix b ina ry  liq u id  
m ix tu re s , w h ich  have been eva lua ted  from  e xp e rim en ta lly  
measured values o f  sound ve lo c ity  and density at 298.15 K. 
In te rm o lecu la r in te rac tions and m od ifica tio n s  o f  structu re o f  
the m ixtures have been interpreted on the basis o f  excess e ffec tive  
Debye temperature.
2. Experimentiil
A ll the organ ic  liq u id s  were used o f  A na la r grade and obta ined  
from  B D H  Chem ica ls L td , Eng land . These chem icals arc fu rthe r 
pu rifie d . Dens ities were de te rm ined w ith  the he lp o f  standard  
b ic a p illa ry  p y kn um c le r techn ique used by o the r worke rs f i l l .
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T h is  pyknom e tc r is s e lf - f i l l in g  in  type  and o ffe rs  accuracy up to  
1 to  4 parts in  JO"*. T he  p ykn o rne te r was im m ersed  in  the  
therm osta tic  bath m a in ta ined at 298 .15 K . In  the present w o rk , 
sound ve lo c ity  measurements were made by a c rys ta l-con tro lled  
u ltrason ic  in te rfe rom e te r supp lied  by M /s  M it ta l En te rprises at 
2 M H z  frequency w ith  an accuracy o f  0 .3% . The excess m o la r  
vo lum es were com puted from  measured sound ve lo c ity  and 
dens ity  data. E xpe rim en ta lly  de te rm ined sound ve lo c ity  and 
dens ity  data have been com pared w ith  lite ra tu re  values [ 12 ].
3. Theoretical
T he  e xp re s s io n  used in  e v a lu a t in g  th e  e f fe c t iv e  D eb ye  
temperature is g iven by
f) -
"  K  U w J /  ,/j'
1 2
(1)
where
l i  IS the P lanck constan i,
K  is the B o ltzm ann  constan t,
N  IS the A vogadro 's num ber,
Ui and u, are long itud ina l and transverse wave ve loc ities  
and V IS the M o la r vo lum e  o f  the specimen.
The  ve loc itie s  ii  ^and o f  the lo n g itu d in a l and transverse waves 
r e s p e c t iv e ly  can be w r it te n  in  te rm s  o f  the  is o th e rm a l 
com p re ss ib ility  and the dens ity  as fo llo w s :
l i i
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Poisson's ra tio  a . fo r  liq u id s  e x h ib it in g  the qu .'is i-c rys ta lline  
properties , can be com pu ted as fo llo w s :
a  = ( 3 / 4 - 2 )  
(6/4 +  2) (5)
A = 4 1
. 3  y
w here  y  = C p  I C v  =  P r  f  P i -
(6)
Thus, the e ffe c tiv e  D ebye  tem pera tu re 6  ^  can be obtained 
us ing  equa tions ( 1) to  (6 ). T h is  p rocedure  has been applied 
p re v io u s ly  fo r  the ca lc u la tio n  o f  d r ,  fo r  c ryogen ic  liqu ids and 
some b ina ry  l iq u id  m ix tu re s  f 13] as a fu n c tio n  o f  temperature ai 
va rious m o le  fra c tio ns .
In  the present w o rk , iso the rm a l com p re ss ib ility  Pj .  has been 
ca lcu la ted  w ith  the  he lp  o f  A n ja n i [ 14] re la tio n
P r = \
1.71 x l0 ~ ^
(7)
T he  excess e f fe c t iv e  D e b y e  tem pe ra tu re s  have bctri 
evaluated by  us ing  the fo llo w in g  express ion :
where
'DudD
N i( id l)= ^
u, ( i d / )  =  l
9/V
J, M/ idi^iui
3 ( i - c ^ ,r f )
2(1 + ct„/)
- / i
(9)
(10)
( III
T he  va lue o f  A is ob ta ined  in  te rm s o f  p r in c ip a l spec ific  heat 
ra tio  ( y  ) and is g iven  by
3 ( l - 2 a , r f ) _  
where the sym bo ls  have th e ir usual meanings.
4. Results and discussion
S ince liq u id  m ix tu re s  fo rm  a part o f  s tudy o f  liq u id  stale, an 
a ttem pt has been made here to assess the values o f  effective 
D ebye tem pera tu re O p  and excess e ffe c tiv e  Debye temperature 
O p  fo r six b ina ry  m ix tu re s ; n -heptane -i- to luene, n-heptane + n 
hexane , to lu e n e  +  n -h e xa n e , c y c lo h e x a n e  + n-heptanc. 
cyc lohexane  + n-hexane, n-decane +  n-hexane by using the 
expe rim en ta l data o f  u ltra son ic  v e lo c ity  and dens ity  measured 
at 2 9 8 .15K . Tab le  1 lis ts  the va lue o f  O p  and other related 
parameters fo r  the pure components^at 2 9 8 .18K.
L o n g itu d in a l and transverse wave ve lo c itie s  M/ and U( have | 
been eva lua ted us ing  cqs. (1 ) to (6 ). The  Ui and W/ data have 
been used to ca lcu la te  the e ffe c t iv e  D ebye temperature using 
eq. ( 1). The  e ffe c t iv e  D ebye  tem pe ra tu re  and o the r related, 
parameters eva lua ted fo r  the said m ix tu re s  arc g iven  in  Tables - 1 
to 7. ^t(id) and ^lud)  have been eva luated by  em p loy ing  eqs 
(10 ) and ( 11 ). The  and ^lud)  ob ta ined are used m the | 
eva lua tion  o f  O p ^ ^ ^ p  . The excess e ffe c tiv e  Debye temperature i 
O p  values fo r  a ll the m ix tu re s  eva lua ted us ing  eq. ( 8 ), are also 
recorded in  Tables 2 to 7.
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fable I- Hensity ( p ) ,  ultrasonic velocity (m), isentropic compressibility 
) and effective Debye temperature {B ,j)  of pure component liquids at
piiif
component
p  u P,
gcc ' m s ' 10'  ^ cm^  dyne'
Toluene 
CvcIolicKane 
n lifxanc 
,1 h ep tane
1) LlL-cane
0 8626 
0 7736  
0.6548  
0.6793  
0.7260
1304.6
1253.0  
1078.2 
I 130.6
1225.0
68.15 
82 47 
131.96 
1 15.13 
91.79
71 99 
69 IB 
55 46 
55 94 
56.53
ruble 2. Density (p ) ,  ulirasonic velocity ( m), specific heal ratio (y ) ,  
Poisson’s latio (o).  Effective Debye temperature (Op) and exccs.s effective 
Dibve temperature (0^ )  at different mole fractions iX^) for the binary 
Ik|liuJ mixture n-heptane + toluene.
0 2‘)79 
(I t i n :
II U25 
I)
1! ;707
0 v)o:
u 40 : o  
()4:s: 
I) 14S4 
0 40«4 
0 4S74 
0 3024 
I) 3227 
!) 3 U 2  
n S040
0 8693 
0 8667  
0 8637 
0 8601 
0 8564 
0 8532 
0 8500 
0 8468 
0 8433 
0 8394 
0 8363 
0 8225 
0 8188 
0 8153 
0 8122
u
ms '
1247.0  
1243 0 
1240 5 
1237.2 
1233 7 
1230 0 
1228 0 
1224 0 
1220 0 
1216 0 
1213 8 
1 2 1 1 0  
1206 5 
1203 7 
I 199.0
1 4239  
I 4254  
1.4271 
1 4291 
1 421 1 
1 4329  
I 4347  
1.4366 
1.4948 
1 4407  
I 4425  
1 4506  
1 4527 
I 4527  
1 4567
0 1061 
0 1059 
0 1056 
0.1052  
0 1047 
0 1044 
0.1040  
0 1036 
0.0919  
0 1028 
0 1024 
0 1008 
0 1004 
0 0999  
0.0995
(K)
58 0 
57 7 
57.5 
57 3 
57 0 
56 7 
56 5 
56 2 
55 9 
55 6 
55 4 
54 9 
54 6 
54 4 
54.1
f^ D
(K)
-l.J  
-1 2 
-1 3 
-I 5 
-1 6 
-1 8 
-1 9 
-2.0 
-2 2 
-2 4 
-2 5 
-2 8 
-3 0 
-3 2 
-3 3
'Dible 3. Density (p ) ,  ultrasonic velocity (m), specific heat ratio (y ), 
Poisson's ratio (cr) Effective Debye temperature (O p) and excess effective 
Debye temperature (O p) at different mole fractions (X )^ for the binary 
liquid mixture, n-heptane hexane.
Eixam I nation o f  Ihe data presented in  Tables 2 and 3 shows  
iIku the va lue o f  0 ^  is p o s it iv e  fo r  the m ix tu re  n-heptane + n- 
iii^xane and nega tive  fo r  the m ix tu re , n -hep tane + to luene , 
iliroughout the concen tra tion  range. E xam in a tio n  o f  the data 
p i e s e n i e d  in  Tables 4 and 5 shows tha t O p  is po s it iv e  fo r  the  
•nixiures to luene + n-hexane and cyc lohexane n-heptanc. Perusal 
"H ab lcs 6  and 7 shows tha t O p  is p o s it iv e  fo r  the m ix tu res  
I ^vdohexane -i- n -hexane, th ro u g hou t the concen tra tion  range  
b ina ry  m ix tu re  n -dccane +  n-hexane w h ich  has some  
I n e | i a t i v e  values at low e r c on cen tra tio n  o f  n-decane.
The pos it ive  va lue o f  excess e ffe c t iv e  D ebye tem perature  
^[) inay be a ttr ib u ted  to  the enhancem ent o f  short-range o rde r  
ihe m ix tu res and the nega tive  0 ^  m ay be a ttr ib u ted  to the 
decrease o f  the short range o rde r in  the m ix tu re  com pared to the 
^•idcr p re va ilin g  in  pu re  liq u id s , the reby in d ic a tin g  tha t the
P u On
gcc' m s' CK) (K)
0 3388 0 6614 1091 1 2 0502 0 00829 52 7 5 9
0 3598 0 6628 1092 2 2,0384 0 00635 52 6 5.9
0.3782 0.6606 1093.9 2 0402 0,00666 52 6 5 9
0 4001 0 6639 1094.4 2.0184 0 00306 52 4 5 7
0 4193 0 6636 1095 1 2 0108 0 00180 52 3 5 7
0 4394 0 6646 1096 5 1.9994 0 00099 52 1 5 5
0 4604 0 6656 1097 0 1 9878 0 00202 52 1 5 5
0 4782 0 6663 1098 5 1 9776 0 00374 52 0 5 5
0 4986 0 6672 1199 6 I 9659 0 00571 52 5 5.9
0.5191 0 6681 1 101 8 1 9531 0.00786 51 9 5 4
0 5395 0 6693 1 102 8 1 9414 0 00986 51 8 5 3
0 5594 0,6729 1 104 0 1 8958 0 01761 51.4 5 0
0 5795 0 6716 1 1 04 9 1 8921 0 01831 51,3 4.9
0,6025 0.6730 1 105 6 1 8788 0 02061 51,1 4 8
0 6135 0 6736 1 106.0 1.8695 0 02224 51 0 4 7
Table 4. Density (p) .  ultrasonic velocity (n), specific heal ratio (Y ,
Poisson’s ratio ( a ) Effective Debye teinperalure and execs
effeclivc Debye temperature (0 p ) id diflcrenl mole fraciions (X,) for Ih
binary liquid mixture, toluene n-hexane
P u of,
gcc' ms ‘ (K) (K)
0 4074 0 7936 11 49 7 1 4679 0 0973 52 93 4.2
0 4299 0 7984 1153 3 1 4649 0,0979 53 18 4 4
0 4486 0 8018 1159 5 I 4629 0 0983 53 53 4 7
0 4919 0 8111 1167 0 1 4573 0.0994 53 72 4,7
0 5114 0 8157 1172 0 1.4546 0 0999 54 00 4 9
0 5290 0 8188 I 176,0 1 4522 0 1050 54 32 5.2
0 5491 0 8236 11810 1 4481 0.1012 54 52 5 3
0.5584 0 8278 1 1 83 0 1 4474 0 1014 54 88 5 6
0.5880 0 8323 1 188 0 1.4448 0 1029 55 05 5,7
0 6275 0 8400 1199 1 1 4403 0 1019 55 32 5,8
0.6453 0 8512 1 203 6 I 4340 0.1042 55,62 6 1
0.6637 0.8527 1208 2 1 4332 0 1043 55 93 6 3
0 6829 0 8537 1213 I 1 4326 0 1044 56 48 6.8
m ixtu res n-heptanc + n-hexanc, to luene + n-hexane are less 
com press ib le  than th e ir pu re  com ponents and the m ix tu re  n- 
heptane -i- to luene is more com press ib le  than the in d iv id u a l 
com ponents.
T he  re su lts  o f  c a lc u la t io n  p resen ted  here e x h ib it  the  
poss ib ility  o f  existence o f  e ffe c tive  Debye temperature in  b ina ry  
l iq u id  m ix tu res . M agn itudes o f  O p  ob ta ined fo r  a ll the liq u id
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'Hibli' 5. I^cnsity (p) ,  ullrasumc velocity (u). .specific heal ratio (Y ). 
Poisson's ratio (rr) Eflective Debye temperature (O f)) and excess effective 
Debye temperature (o \))  at different mole fractions (X,) for the binary 
liquid mixture, cyclohexane + n-heptane
Table 7. Density (p),ultrasonic velocity (u), specific heat ratio (y, 
Poisson’s ratio (<r) Effective Debye temperature (0[^) and excess etlccmt 
Debye temperature ( 0 ^) at different mole fractions (X,) for the binary 
liquid mixture, n-dccane + n-hcxanc.
P
Kcc'
0 O^rn
(K) (K)
0 2227 0 7184 1156 0 1.5175 0 0874 49.92 I I
0 2689 0 7214 1162 1 1 5154  0 1878 50 39 1 3
0 3158 0 7236 1)67 8 151 3 8  0.0881 50 82 1 6
0 3588 0 7191 11718 15 169 0 0876 5101  1 6
0 4016 0 7243 1177 2 15133  0.0880 51 50 1 9
0 4433 0 7207 1182 0 1 5090  0 0891 5 1 9 9  2 2
0 4861 0 7334 1187 7 1.5071 0 0895 52 44 2.4
0 5270 0 7361 11919  1.5052 0 0899 52 82 2 6
0 5642 0,7384 1196 0 150 3 6  0 0901 53 17 2 8
0 6019 0 7412 12012  15018  0 0905 53 60 3 0
0 6414 0 7438 1205 8 1 4999 0 0909 53 99 3 2
0 6795 0 7463 1210 6 14983  0 0912 54 40 3 4
0 7164 0 7482 1215 9 14971 0 0914 54 81 3 7
0 7521 0 7518 1220 0 1 4946 0 0920 55 20 3 9
0 7877 0 7547 1224.0 14928  0 0923 55 58 4 1
'ruble 6 . Density ( p),iiltiasoiiiL velocity (u), specific heat ratio ( / ) ,  
Poisson’s ratio (rr). Effective Debye teinpeialurc ( 0 /j) and excess effective 
Debye tempeiature (ojj) at different mole fractions (X )^ foi the binaiy 
liquid mixture, cyclohexane + n-hexane
P
gtc '
1/
m s ' (K) (K)
0 0187 0 6663 1075.5 1.5561 0.0799 46 79 •0 5
0.0588 0.6697 1080 1 1 5535 0.0804 46.68 0 ')
0 1008 0 6730 1087 9 1.5508 0 0809 46 69 0 0
0 1436 0 6774 1 094 6 1 5475 0.0816 46 69 0 1
0 1896 1) 6777 1 100  0 1.5472 0 0816 46 50 0 4
0 2348 0 6850 1108 4 1 5417 0 0827 46.63 0 «)
0 2886 0 6883 1118 8 1118 8 0 0832 46 68 1
0 3350 0 6917 1 127.5 1 5368 0 0836 46 73 1 ()
0 3872 0 6943 1135 4 1 5348 0.0840 46 69 1 9
0 4449 0 6987 I 142 8 1 5316 0.0847 46.64 2 2
0 5009 0 7012 1152 3 1 5297 0 0850 47 18 1
0 5627 0 7071 1161 9 1 5255 0 0859 46 71 i 0
0.6248 0.7099 1 173 9 1 5235 0 0863 46 80 3 4
0 6944 0 7114 1184 1 1 5224 0 0865 46 75 3
0 7655 0 7144 1 195 6 1 5204 0 0869 46 78 4 1
0 8421 0 719 1 1 205 4 I 5690 0 0875 46 74 4 'i
0 9191 0 7232 1218 6 1 5142 0 0881 46 85 4
systems Thus fo r  the present study., we conc lude that liquid
m ix tu res lik e  o the r pure liq u id s  and liq u id  metals, retain a solid
u On On l ik e  c h a ra c te rs  and can be tre a te d  on the  bas is  o t l lu ’
gcc ms ' (K) (K) quas ic rys ta llin c  m ode l show ing  some reasonable magnitude loi
0 2189 0 6821 1 1 1 0  0 1 5439 0 0822 48 98 1 0 the e ffe c tiv e  D ebye  tem pe ra tu re .
0.2541 0.0860 1 1 18 8 1 541 0 0828 49 48 1 4
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